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Abstract 
A high energy beam absorber has been built for the 
Advanced Superconducting Test Accelerator (ASTA) at 
Fermilab.  In the facility’s initial configuration, an 
electron beam will be accelerated through 3 TTF-type or 
ILC-type SRF cryomodules to an energy of 750MeV.  
The electron beam will be directed to one of multiple 
downstream experimental and diagnostic beam lines and 
then deposited in one of two beam absorbers.  The facility 
is designed to accommodate up to 6 cryomodules, which 
would produce a 75kW beam at 1.5GeV; this is the 
driving design condition for the beam absorbers. The 
beam absorbers consist of water-cooled graphite, 
aluminum and copper layers contained in a helium-filled 
enclosure.  This paper describes the mechanical 
implementation of the beam absorbers, with a focus on 
thermal design and analysis.  The potential for radiation-
induced degradation of the graphite is discussed.   
 
Introduction 
Fermi National Accelerator Laboratory is 
constructing the Advanced Superconducting Test 
Accelerator (ASTA), a 750MeV electron linac intended to 
develop and test the technology that will be required for 
next-generation high-intensity linear accelerators, such as 
Fermilab’s Project X [1] and the ILC.   ASTA is housed 
within the SRF Accelerator Test Facility [2], which, when 
complete, will also incorporate a cryogenic plant, 
cryomodule testing facilities, and space for planned future 
experiments.  ASTA will consist on an electron gun, 
injector, 3 TTF-type or ILC-type cryomodules, 
downstream diagnostic and experimental beam lines, and 
a high energy beam dump.  The beam dump contains two 
beam absorbers; one for each of the experimental beam 
lines.  The absorbers are designed to accommodate a 
future upgrade to the facility, in which a beam would be 
accelerated through 6 cryomodules.  The beam parameters 
provided by this upgraded machine drive the absorber 
design, and are shown in the table below: 
Table 1: 6-Cryomodule ASTA Key Beam Parameters 
Species e- 
Beam Energy 1.5 GeV 
Bunch Charge 3.3 nC 
Pulse Characteristics 1 ms duration @ 5Hz 
Bunches per Pulse 3000 
Total Average Power 75 kW 
Beam Transverse Size Dia 3mm RMS (σ=1.5mm) 
Absorber Configuration 
The beam absorbers must terminate the beam and 
reject its power to cooling water.  The high thermal load, 
radiation environment, and the need to achieve high 
reliability were key considerations in the design.  A 
section view of an absorber is shown in Figure 1.  The 
beam exits the beamline through a vacuum window, and 
is then incident on a stack of graphite with transverse 
dimensions 0.2 X 0.2m and length 0.9m along the 
beamline.  Downstream of the graphite are aluminum, 
copper and steel “core” plates.  The total length of the 
absorber along the beam direction is 2m.  The graphite 
and the aluminum core plates are sandwiched between 
water-cooled gun-drilled aluminum cooling plates.  All 
components of the system are conductively coupled to 
these cooling plates.  The most sensitive components are 
the aluminum core plates just downstream of the graphite; 
an indium foil was used in this location to ensure good 
thermal coupling to the cooling plates.  Beam power is 
rejected through the cooling plates to a radioactive-water 
closed-loop cooling skid circulating 30 gallons per minute 
through each absorber.   
 
 
Figure 1: Absorber Configuration: graphite shown in dark 
grey, aluminum shown in light gray/blue, copper shown 
in orange, steel shown in purple.  Beam enters from right. 
   
In order to prevent oxidization of the graphite and the 
formation of corrosive compounds due to beam 
interaction with air, the absorbers are housed within 
stainless steel enclosures filled with helium at a slight  
______________________________________________ 
* Operated by Fermi Research Alliance, LLC, under 
Contract No. DE-AC02-07CH11359 with the United 
States Department of Energy 
** cbaffes@fnal.gov 
pp
t
w
t
A
m
F
t
m
r
w
v
b
t
m
p
M
ositive pressu
The intera
significant pro
rotect the fac
he beam dum
ith overall o
otal weight of
 
Gr
During ex
damage due to
lattice. At dam
tom (DPA) d
experienced st
significant cha
uch lower d
application ar
conductivity. 
When us
graphite has b
damage level,
or the type 
absorber, data
damage dom
ransition from
level of 15 
shrinkage of 
application, da
aterial woul
egime.  In o
shrinking occu
loaded onto t
ashers that 
graphite radiat
Radiation 
conductivity 
conductivity c
alue.  This d
lattice interrup
oundaries [5]
able to self
conductivity c
hermal condu
on the irradiati
Given the 
odeled usin
calculated in u
analyses revea
absorber in or
Integrating ov
conservative d
(20 years of fu
3-Dimensional
developed (see
In order t
graphite core
roperties for 
uch data exi
re relative to a
ction of beam 
mpt and resi
ility and its o
p consist of 
utside dimens
 approximately
aphite Rad
posure to the
 dislocation o
age levels a
ue to proton b
ructural failur
nges in mate
amage levels
e changes in
ed in radiati
een shown t
 and then sw
of isotropic 
 generated fro
inated by n
 shrinking to 
DPA after 
approximately
mage levels w
d be expected
rder to main
rs, the alumin
he graphite 
will limit pre
ion shrinkage 
damage is also
of graphite. 
an drop to a 
egradation is t
ting phonon t
.  At higher 
-anneal to s
an be recovere
ctivity reductio
on and temper
severity of thi
g the MARS
nits of DPA 
led the need t
der to avoid lo
er the planned
esign particle
ll-intensity op
 damage map
 Figure 2). 
o perform the
, it was ne
damaged grap
sts in the litera
tmosphere. 
with the absor
dual radiation
ccupants, the 
concrete and 
ions of 7 X 6
 1200 tons.   
iation Dam
 beam, graph
f atoms with
bove 0.6 Disp
eam irradiation
e of graphite 
rial propertie
.  Most sign
 physical siz
on environm
o shrink up 
ell after conti
graphite em
m fission app
eutrons) indic
swelling occu
an accumulat
 7% [4].  In
ill be much 
 to remain in
tain thermal 
um cooling pl
using a stack
load variation
or thermal exp
 known to aff
 After irradi
small fraction 
he result of v
ransport, parti
temperatures, 
ome extent, 
d.  As such, th
n has a comp
ature history.  
s effect, graph
 code [6].  
per incident e
o migrate the 
cal areas with
 migration pro
 fluence of 1.
eration with 7
 for the grap
rmal analysis 
cessary to d
hite to use i
ture, (e.g. [7])
bers generates
.  In order t
outer layers o
steel shieldin
 X 7m, and 
age 
ite will suffe
in the materia
lacements pe
, Fermilab ha
[3].  However
s can occur a
ificant in thi
e and therma
ents, isotropi
to a threshol
nuing damage
ployed in th
lications (with
ate that thi
rs at a damag
ed volumetri
 the absorbe
lower, and th
 the shrinkin
contact if any
ates are sprin
 of Bellevill
 due to eithe
ansion.   
ect the therma
ation, therma
of its nomina
acancies in th
cularly at grain
the material i
and therma
e magnitude o
lex dependenc
 
ite damage wa
Damage wa
lectron.  Initia
beam over th
 high damage
file and a very
4E23 electron
0% uptime), 
hite core wa
of a degrade
efine materia
n the analysis
, albeit for 
 
o 
f 
g 
a 
r 
l 
r 
s 
, 
t 
s 
l 
c 
d 
.  
e 
 
s 
e 
c 
r 
e 
g 
 
g 
e 
r 
l 
l 
l 
e 
 
s 
l 
f 
e 
s 
s 
l 
e 
.  
 
s 
a 
s 
d 
l 
.  
Figure 2
years 
damage c
data may
conservat
was used
conductiv
conductiv
conductiv
damage b
conductiv
drawn be
points wi
Figure 3
material 
thermal c
 
Figure
functio
factor
 
An 
MARS d
model.  U
as an inp
: Damage accu
of operation a
onditions dom
 not be repres
ively bound ex
.  First, literatu
ity reduction 
ity (at a given
ity at the sam
ins were def
ity-reduction-
low (i.e. at low
thin the given
.  In the AN
was defined 
onductivity red
 3: Thermal co
n of temperatu
s used in analy
repres
interpolation 
amage data 
sing the 3-dim
ut, the interpo
mulation in gr
t 70% up-time
  
inated by fis
entative in th
isting data, an
re data were 
factor: a ratio 
 temperature)
e temperature.
ined.  For ea
factor vs. tem
er thermal co
 damage bin
SYS therma
for each dam
uction factor 
nductivity red
re and damage
sis material de
ent literature d
routine was 
onto the AN
ensional MA
lation routine 
Mod
0.01<
Ex
Model fo
aphite core aft
.  0.22 DPA m
sion neutrons.
is case.  In or
 envelope app
plotted as a th
of damaged th
 to nominal th
  Then, five m
ch bin, a th
perature curv
nductivity) th
.  This is sho
l model, a u
age bin, wit
applied.   
uction factor a
.  Lines repre
finitions.  Poi
ata 
developed to
SYS finite el
RS damage es
assigned one 
Undamaged m
el for bin:        
Damage<0.02
ample data: 0
r Damage>0.0
 
er 20 
ax 
  The 
der to 
roach 
ermal 
ermal 
ermal 
aterial 
ermal- 
e was 
e data 
wn in 
nique 
h this 
s a 
sent 
nts 
 map 
ement 
timate 
of the 
aterial 
 DPA 
.02 DPA 
2 DPA
w
w
t
w
t
p
B
t
t
t
t
2
five discrete m
graphite ANSY
This permitte
spatial distribu
This damaged-
“End Of Life”
“Beginning Of
 
Energy D
MARS w
of energy depo
steady state 
averaged over
ith damage e
ere interpola
he thermal m
commands.   
Figure 4: T
Water co
convection bou
channels.  Th
as calculated
[8].  For re
incorporates tw
he analysis as
Several a
ulse-induced 
cases.  For t
graphite dama
eginning and
emporal-avera
he pulsed natu
average temp
emperatures n
In the B
assumes nom
emperatures 
These temper
graphite’s sub
000°C, are h
atmosphere aro
graphite temp
 
aterial defini
S mesh, on 
d a more rea
tion of therm
graphite finite
 thermal analy
 Life” results. 
eposition a
as used to cal
sition within 
case (i.e. en
 many pulses)
stimates, MA
ted and mapp
odel using vo
emporally-av
logarithmic
oling was 
ndary coeffic
e convection 
 using the Gn
liability and 
o redundant 
sumes only on
nalyses were 
transient, and
he purposes 
ge, steady-st
 End of Lif
ge energy de
re of the beam
eratures, but
ear the beam i
eginning of 
inal, undamag
of 640°C are
atures, thoug
limation tem
igh enough 
und the absor
eratures climb
tions to each 
an element-by
listic represe
al conductivi
 element mod
ses, which we
          
nd Therma
culate the spat
the absorber.  
ergy depositi
 are shown in
RS energy de
ed element-by
lumetric-heati
eraged energy 
 color scale. 
modeled usin
ient on the inte
coefficient of
ielinski empir
redundancy, 
cooling circu
e circuit in ope
run, includin
 accident-sce
of illustrating
ate cases are
e.  In “stead
position value
 is neglected.
 does not 
nteraction regi
Life analyses
ed propertie
 predicted in
h modest as
perature of 
to drive the 
ber.  In the En
 to 1700°C.  
element in th
-element basis
ntation of th
ty degradation
el was used fo
re compared t
l Analysis 
ial distribution
Results for th
on temporally
 Figure 4.  A
position result
-element ont
ng body forc
deposition, 
g a uniform
rior of coolin
 6400 W/m2K
ical correlation
each absorbe
its.  However
ration.   
g steady-state
nario transien
 the effect o
 compared a
y-state” cases
s are used, i.e
  This produce
capture peak
on.   
, the graphit
s.  Maximum
 the graphite
 compared t
approximately
need for iner
d of Life case
Beginning an
e 
.  
e 
.  
r 
o 
 
e 
 
s 
s 
o 
e 
 
 
g 
 
 
r 
, 
, 
t 
f 
t 
, 
. 
s 
 
e 
 
.  
o 
 
t 
, 
d 
End of L
5.  The 
damaged 
develop 
gradients
damaged 
Figure 
(top, ma
grap
T
2011.  
commissi
T
Cooper, C
R. Kellet
building, 
 
[1] S. N
Prot
USA
[2] J. L
Sup
Ferm
[3] Kris
[4] S. Is
neut
grai
Nuc
[5] L.L
neut
Nuc
[6] N.V
Gui
[7] L.L
cond
irrad
Mat
[8] V. G
tran
Che
ife temperatur
extremely low
core of the 
high tempe
.  However, te
core of graphi
5: Absorber Te
x temp. 640°C
hite damage 0
he high energ
In the secon
oned in prepar
Ackn
he authors 
. Exline, D. F
t, C. Rogers, 
testing and ins
R
agaitsev, “Pro
on Source At 
, 2011 
eibfritz et al., “
erconducting R
ilab,” IPAC 2
 Anderson, Fe
hiyama et al.,
ron irradiation
ned isotropic n
lear Materials
. Snead, “Accu
ron irradiated 
lear Materials
. Mokhov, “Th
de”, Fermilab-
. Snead and T.
uctivity degra
iation at low t
erials 224 p22
nielinski, “Ne
sfer in turbule
m. Eng. 16 p3
e profiles are 
 thermal co
graphite perm
ratures and 
mperatures in 
te are not grea
mperatures at
) and  End of
.22 DPA, max
Status  
y absorbers w
d half of 2
ation for recei
owledgeme
would like t
ranck, L. Har
and J. Wilson
talling these d
eferences 
ject X – A Ne
Fermilab,”  PA
Status and Pla
F Accelerator
012, New Orl
rmilab, Privat
 “The effect of
 on the proper
uclear graphit
 230 p1, 1996 
mulation of th
graphite mate
 381 p76, 2008
e MARS Cod
FN-628, 1995
D. Burchell, “
dation of grap
emperature,” 
2, 1995 
w equations f
nt pipe and cha
59, 1976
compared in F
nductivity ne
its a local a
high tempe
areas away fro
tly affected.  
 Beginning of 
 Life (bottom, 
 temp.1700°C
ere installed 
012, they w
ving first beam
nts 
o acknowledg
bacek, W. Joh
 for their effo
evices.   
w Multi-Mega
C ’11, New Y
ns for a 
 Test Facility 
eans, USA, 20
e Communicat
 high fluence 
ties of a fine-
e,” Journal of 
 
ermal resistan
rials,” Journal 
 
e System User
 
Thermal 
hites due to ne
Journal of Nuc
or heat and ma
nnel flow,” In
igure 
ar the 
rea to 
rature 
m the 
       
Life 
max 
) 
in late 
ill be 
.    
e M. 
nson, 
rts in 
watt 
ork, 
at 
12 
ion 
ce in 
of 
’s 
utron 
lear 
ss 
t. 
